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ABSTRACT

The reduced S-IVB propellant required to achieve earth
orbit as launch azimuth approaches 90 ° allows a 90 ° launch to

yield an 865 ibs higher payload capability than a 72 ° launch.

This payload gain must be tempered with the probable increase
in translunar energy requirements as launch azimuth increases.

Higher translunar energies require more S-IVB propellant at TLI

and thus reduce the payload capability; average payload loss is

3.0 ibs/degree (a = 3.0 ibs/degree). Considering both EOI and
TLI effects the net gain for a 90 ° launch azimuth over a 72 °
azimuth would be 811 Ibs.

Missions designed for a 72 ° to 96 ° launch window were

examined for five candidate lunar landing sites, Descartes,

Hadley, Marius Hills, Davy Carter Chain and Copernicus for the

fifteen months than encompass the J-mission sequence. Over 80%
of the cases shoWed the TLI energy requirement highest at an

azimuth other than 72 °. The largest increase in the launch

vehicle TLI energy requirement across the launch window (72 ° to

96 °) was equivalent to a payload capability decrease of 363 pounds;
the average payload decrease was 90 pounds.

The SPS _V requirements also generally increase with
launch azimuth; end-of-mission contingency _V reserves decrease

about 2.2 fps per degree of azimuth change (_ m 4.3 fps/degree).

The minimum available contingency &V from the SPS occurred at an

azimuth other than 72 ° in nearly two-thirds of the mission sam-

pled. The worst case was 463 fps lower than the _V available
with a 72 ° launch azimuth.

Missions designed for a launch window based on an

azimuth range of 80 ° to i00 ° should show similar sensitivities

in both SPS performance and TLI energy requirements.
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Preliminary evaluations of mission feasibility usually

only consider missions launched at the launch azimuth at the

opening of the window, 72 ° . Effects of higher launch azimuths

are normally examined in later mission analysis work. These

effects have been examined for a representative sample of mis-

sions in order to provide an insight into the magnitude of the

change in SPS contingency _V and the launch vehicle requirements

across the launch window. Frequency distributions for the changes

in both the SPS contingency AV available and the translunar injec-

tion (TLI) energy requirements as launch azimuth increases through

the 72 ° to 96 ° range are presented. The rate of change of both

these parameters with launch azimuth is examined to determine

both magnitude and direction of change.

Data Base

Optimized missions with a 72 ° launch azimuth were found

for each of five landing sites, Descartes, Hadley, Marius Hills,

Davy Crater Chain and Copernicus, in each month from July 1971

through September 1972. Examination of the available contin-

gency AV for each mission showed seven cases (Marius Hills -

11/71-3/72 and Hadley 11/71-12/71) where the SPS available AV

was less than -200 fps and relaxation of any or all possible

mission design constraints would probably not result in a fea-

sible mission.* These cases were removed from the sample. Then,

using the approach azimuth at the landing site found optimum for

the 72 ° launch azimuth, missions launched with 80 ° , 90 ° and 96 °

azimuths were simulated. In these simulations the sun elevation

was allowed to optimize between 8 ° and 12 ° Sun elevation gen-

erally increased with launch azimuth until the 12 ° limit was
reached.

The simulations are summarized in the Appendix along

with the mission design constraints and the spacecraft weight

model employed.

*A minimum of 250 fps available AV is required for

the weather avoidance contingency.
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Results

• Launch Vehicle Requirements

The reduction in earth orbit insertion requirements

as launch azimuth approaches 90 ° predominates over the changes

in translunar insertion energy requirements caused by launch

azimuth variation. Figure i* illustrates the payload gain due

only to the reduced EOI requirements for azimuths near 90 °.

This curve peaks at a gain of 870 ibs near 91 ° launch azimuth•

Launch vehicle capability will decrease an average of

3.0 ibs/degree considering only the increase in TLI energy re-

quirement. The largest loss in launch vehicle capability due

to increased TLI energy requirements to occur through a launch

window was 363 ibs. This case was one of the 66% that decreased

continually as the launch azimuth increased. Four percent of

the cases showed a continual improvement in launch capability

through the window; 12% showed a minimum at an intermediate azi-

muth and the rest a maximum. A majority of these last two clas-
sifications showed the extremes at a 90 ° azimuth. Greater than

80% showed the highest TLI energy requirement at an azimuth above

72 ° . The average energy requirement increase of the 80% showed

an equivalent decrease of 90 Ibs of payload capability.

• SPS Contingency AV

The SPS contingency AV decreased 2.2 fps/degree of

launch azimuth on the average• Over half (56%) of the data

showed the highest contingency AV available at an azimuth other

than 72 ° . One-third showed continually decreasing contingency
AV as azimuth increased. The balance showed a minimum contin-

gency AV at an intermediate azimuth, 90 ° Of the 56% that

showed an increase in available contingency AV, 31% showed the

best at 90%, 25% at 80 ° and none at 96 ° Sixty-three percent

had less available contingency AV at a higher azimuth than 72°;

the maximum drop 463 fps, the average drop 112 fps.

The statistical analysis of the various azimuth changes

is summarized in Table I. These sensitivities and trends should

*Reference: Caldwell, S. F., and K. E. Martersteck,

"Optimization of Launch Azimuth Range to Adjust Launch Window

Duration and Improve Launch Vehicle Performance Margin,"

Bellcomm Memorandum for File B70 12065, Case 310, December 23,

1970.
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hold for launch windows defined by other launch azimuth ranges.

An 80 ° to 100 ° range should show less extremes as the window

duration never exceeds 2-3/4 hours compared to up to 4-1/2 hours
for a 72o-96 ° window. This shorter window means less increase

in the TLI energy requirements as less time must be made up on

the translunar trajectory in order to maintain landing sun ele-
vations within the limits.

Conclusions

The full launch azimuth range should be examined when

missions are found to be marginal at the azimuth that opens the

window (72 ° for a 720-96 ° window or 80 ° for an 80°-100 ° window).

Changes in available SPS contingency AV can be signifi-

cant. Launch vehicle capability variations over the azimuth

range is dominated by the EOI effects. The difference in perfor-

mance between the beginning and end of the window will be mainly

due to the TLI effects for a launch azimuth range of 80 ° to i00 °

or other ranges symmetrical about 90 ° .

• . Bass

RAB

2013-SFc-slr
S. F. Caldwell

Attachments
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AV SYNOPSIS

The AV synopsis contains the following data for each
mission considered.

AZ - Launch azimuth (deg)

SITE - Lunar landing site

LAUNCH DATE - Date of launch

LVCAP

WGTINJ

CNTGNCY

LOI

PLCH

TEI

E

- Launch vehicle capability* (ibs)

- Injected spacecraft weight with the SPS tanks

offloaded to the amount of fuel used (ibs)

- Available contingency AV (fps)

- Lunar orbit insertion AV (fps)

- CSM plane change AV (fps)

- Transearth injection AV (fps)

- Minus the translunar injection energy

divided by one million (ft2/sec 2)

The mission constraints and spacecraft weight model

follow the AV synopsis.

*Launch vehicle capability is computed including effects

of wind and temperature, Flight Geometry Reserves available, and

mission specific energy. The effect of payload gain due to pro-

pellant requirement variation into earth orbit as illustrated in

Figure 1 is also included.
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"J" MISSION DESIGN CONSTRAINTS

Mission Design Constraints

• Only Pacific translunar injections are considered.

• Earth orbit radius = 90 NM.

• 40 hr. < translunar flight time L ii0 hr.

• 40 NM L perilune altitude of incoming hyperbola L 60 NM.

• A relaxed free return translunar trajectory is used.

• A DPS abort is possible eight hours after perilune.

A 60 NM lunar parking orbit is employed•

• The time in orbit from lunar orbit insertion to SPS descent

orbit insertion (DOI) is approximately 26 hours.

• The CSM takes the LM down to an altitude of 50,000 ft. at

which point the LM begins its descent.

• 8 ° to 12 ° Sun elevation at landing.

The lunar surface stay time is 66 hours.

• The time in lunar orbit from CSM-LM rendezvous to transearth

injection is approximately 82 hours.

• 45 hr. < transearth flight time L 120 hr.

• The return geographic inclination relative to the earth's

equator is less than 40 degrees.

• -35 ° < earth landing latitude < 35 ° .

• -170 ° _ earth landing longitude L -150 ° (Pacific zone).

• The maximum mission duration is 14.5 days.



MISSION INDEPENDENTAV'S AND WEIGHT MODEL

Event

Launch

Hybrid maneuver

Mid-course correction

LOI

DOI

CSM circularization

CSM plane change

LM rescue

Rendezvous

Bootstrap maneuver

TEI

Weather avoidance burn

Weight
&V drop

(fps) (ibs)

0. 184.5

0. 0.

0. 340.8

80.** 69.4

75. 672.1

75. 389.7

0. 92.

600. 0.

0. 247.3

0. 0.

90.** 179.4

0. 105.8

SPS Fuel Usable = 39,552

CSM Inert = 27,392

SLA = 4,100

LM = 36,300

Injected Weight = 107,344

SPS ISP = 314.6

LM ISP = 303.25

**Conic Calibration
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